ON reading Surgeon-Commander Given's report it struck me the subject might be of special interest to all the Services and especially to the Army and Air Force as they are more frequently stationed in places where mosquitoes are a nuisance. As the paper is not my own, and as I cannot claim any expert knowledge of the mosquito in question, I regret that, when the discussion is over, I may not be able to throw any further light on the subject. The author of the report, who is now abroad, was Naval Health Officer at Portsmouth and, as he lived on the Gosport side of the harbour-in Alverstoke-he had daily reminders that mosquitoes were, to say the least, a nuisance in the district.
The mosquito nuisance has been known in the Alverstoke district for a great many years and references are made to it in old diaries written fifty years ago. Surgeon-Rear-Admiral Sir Percy Bassett-Smith, when Fleet Surgeon at the Royal Naval Hospital, Haslar, established the fact that the mosquito mostly found in the district was not the Anopheles, the malaria carrier; consequently the matter aroused little interest on the part of the health authorities and therefore nothing was done to deal with it. There is also much evidence to [Decemnber 10, 1923. 
13
show that the mosquito has become a really serious pest only in recent years, and, judging from investigations that have been carried out, one has been led to the conclusion that conditions have been brought about which, if allowed to remain uncontrolled, would soon have resulted in a mosquito nuisance of such proportions as to affect seriously the economic development of the district. The first country to recognize the economic importance of mosquito eradication-apart from the question of carrying disease-was America, and in that country they have already had ten or more years' experience, particularly in New Jersey, in dealing with the same kind of nuisance as occurs in Alverstoke. Measures of mosquito control undertaken by the health authorities of Alsace, in France, have been recently recorded, but before 1920 no systematic efforts at controlling the mosquito from the point of view of its being a nuisance appear to have been made in this country.
In 1920 the Hayling Island Mosquito Control Committee was formed under the able directorship of Mr. J. F. Marshall, Fellow of the Entomological Society, and the operations in the Alverstoke district were based largely on the investigations carried out at Hayling Island.
In order that you may follow the conditions existing in the district I must briefly describe its geography. The whole district is low-lying, many parts being actually below high-water level so that during spring tides sea-water percolates upwards through the shingle causing the formation of pools and ponds which remain for about a week after the spring tides have subsided. The moats are fed from the sea at high tide by means of sluices, and the River Alver also enters the moat on Browndown Marsh. The district is also indented by creeks which run inland from Portsmouth Harbour and which are therefore tidal.
[ the introduction of a number of right-angled bends, which increase the tendency to silt up and retard the flow. (e) The stream is brought back to its original course from the opposite direction to its western tributary, with the result that the main stream tends to dam the weaker one from the west, (f) The concrete beds under the two bridges in the embankment are laid several inches too high, so that they act as dams to the water above them.
In the annual report of the Medical Officer of Health for Gosport for 1920, the following references to the local mosquito nuisance are made:-Complaints have been made for many years regarding the pest of mosquitoes during the summer months at Alverstoke and Stokes Bay, and in the spring of 1919 an attempt was made to limit their activities by spraying stagnant pools with paraffin. I wish to lay special emphasis on the fact that no mosquito larvm were found in the moats. These moats are almost invariably blamed by the inhabitants as being the breeding places of the mosquito, but it has been conclusively proved on many occasions that the brackish water contained therein is antagonistic to the growth of larvie, and that none are ever found there.
I wish you to take particular note of this statement, as it was the generally accepted theory that mosquitoes could not breed in brackish water.
Surgeon (c) The adult mosquito has a flight of from two to four miles.
(d) It breeds, by choice, in brackish or salt water, and, as these pools are generally tidal in origin and caused by percolation through the shingle, they seldom dry up during the summer. This explains why, while other mosquitoes disappear owing to lack of water in the dry months, the salt marsh mosquito continues to flourish during the driest and hottest summer.
Larva.-The larva is distinguished from most other species by its syphon, which is of medium length, stout, carries a pair of hair tufts about its middle, and on the proximal side of the latter is a pecten or comb, consisting of about twenty-four small pointed teeth of equal size and equally spaced in line with the hair tuft.
The Adult. Now we see the real cause of the mosquito nuisance, and it was proved that the generally accepted ideas were wrong and that some mosquitoes could breed in brackish water. The fact still remained, however, that larvae were never found in the moats, and this phenomenon had to be explained. Surgeon-Commander Given was able to demonstrate a very definite practical explanation. He collected large masses of larvae in nets and transferred them to the moats. They disappeared within a very few hours, being eagerly devoured by the shrimps and small fish (chiefly sticklebacks) which lived in the moats. Another very good example of the efficiency of shrimps in destroying the larva) was found in a small pond on the golf course. In spite of numerous searches no larve were ever found here, and later it was discovered that the pond contained shrimps.
OPERATIONS AGAINST THE MOSQUITO.
These were commenced in March, 1923 , by small parties of volunteers, chiefly Naval ratings from the the Vernon Experimental Station and a few Naval officers resident in Alverstoke. The interest of the general public was gradually aroused and demonstrations as to the nature of the nuisance and the way to attack it were given to school children, boy scouts and others. By May 1, a party of forty rmen, twenty from the Army and twenty from the Navy, became available for work at Browndown.
The following is a brief description of the operations
(1) Arrangements were made with the military authorities to reduce the water level in the moats by about two feet, thus automatically draining a considerable area.
(2) All the outlying breeding places were then thoroughly controlled by the use of oil or larvicide (White Cross fluid or izal). These were applied by means of four-gallon watering cans. On the golf links burning was found to be the most efficient method of destroying larvae. A combination of light shale oil and heavy fuel oil was applied and large quantities of oil-soaked waste were employed to get the fire well alight, and from these centres it was spread by sprays of the light oil, large garden syringes being used. When the heavy oil began to burn, the heat produced was sufficient not only to sterilize the ground, but also in many instances to dry up completely the shallower pools and marshes.
(3) Rough drainage was carried out wherever possible, and old watercourses were cleared. Large rakes, specially made in the Dockyard, were found to be the most useful implements to effect this clearance. They had three or four flattened iron teeth bent at a right angle and were fitted to a short wooden handle. These rakes entirely replaced the pick and shovel when dealing with soft peaty soil. On Browndown Range it was impossible to carry out drainage, as the infested areas were entirely surrounded by higher ground. This difficulty was got over by digging trenches and draining the water into sumps, whence it was pumped into the moat by a hand fire-engine. A similar proceeding was carried out at Stokes Bay, and here Surgeon-Commander Given managed to obtain the assistance of the Gosport fire-engine to pump the water out of the sumps.
Wherever possible, potholes and the beds of pools were filled in with shingle, but the working parties could not be retained long enough to do this as thoroughly as could be desired. Owing to the sea-water percolating upwards through the shingle, ani to the low-lying ground making efficient drainage impossible, resource had to be made in many places to the frequent application of larvicide.
(4) The final effort made was to stock No. 1 area with fish (sticklebacks) and No. 2 area with shrimps, both collected from the moats. Most of the fish died within twenty-four hours.
The Naval working party returned to barracks on July 9.
RESULTS. The following are some of the reports received from various Naval establishments at the end of the operations: Residents in the district confirm the report that there has been a wonderful change in the district and that many private gardens are now practically free from mosquitoes.
The results have surpassed expectations and a demonstration has been given which shows that the mosquito can be eradicated.
FUTURE CONTROL OF THE NUISANCE.
Apart from the ordinary methods of drainage and filling in of pools, the knowledge of the life history of the salt marsh mosquito has put us in possession of some useful facts which should be utilized in the campaign of eradication.
(1) The destruction of all cover which hurbours the adult mosquito and provides conditions favourable for reproduction and egg-laying. This can be carried out in spring and summer by the oil spray method. Perhaps the "flammenwerfer" used by the Germans during the war might prove still more useful.
(2) The destruction of the eggs before they hatch out into larva. This should be carried out at the end of the summer, before the occurrence of the autumn and winter floods. The best method of effecting it is to surround the breeding grounds with a barrage of burnt ground sterilized by fire. When this is not practicable the barrage could be completed by the use of strong disinfectants.
(3) The destruction of larvae. The most vulnerable stage in the mosquito's life cycle is that which immediately follows its being hatched out of the egg. Oil and larvicide are most efficacious agents at this stage. The appearance of pupa should be regarded as evidence of neglect.
(4) The use of shrimps and fish. In the course of this report evidence has been produced that sprimps and fish do destroy larvae. Further experiments with these might lead to enormous improvements in dealing with mosquitoes. This method has also the great advantages of costing practically nothing and of working automatically.
(5) In September, 1922, the Journal of the French Academy of Science published an article which indicates that young eels are voracious larva eaters. They arrive in shoals in our river estuaries from March onwards and can be obtained by the hundredweight for a very small sum from the Severn Conservators. They possess greater vitality than other fish and can live in almost any stagnant ditch, or even in mud, for long periods. It is hoped that someone will give these elvers a trial in England and fully report the results.
DISCUSSION. Lieutenant-Colonel MAcARTHUR, after commenting on the zoological standing of OchlerotatUs, said that Surgeon-Commander Given's report emphasized the importance of including in any antimosquito measures a close study of the habits of the species to be attacked-a truism not always honoured in the observance. He pointed out some of the fallacies in assuming that the habits of one observed species were necessarily those of another, for even the same species might alter its habits with a changed environment. Some books stated that A,Jdes (Stegomyia) argenteus, the yellow fever mosquito, took its first feed of blood only by day, and that subsequently it bit only at night. This would mean that infection with yellow fever could be escaped by avoiding an infected district at night. Unfortunately, this statement was not generally true, for he had experienced no difficulty in inducing various individual AEdes argenteus to feed from his arm repeatedly by day.
Wing-Commander H. E. WHITTINGHAM remarked that Surgeon-Commander Dickenson's paper was important because it brought to notice the necessity of waging war against mosquitoes and other insects in this country. Broadly speaking, insect life in general depended on organic matter and moisture for its perpetuation. Wherever insects could breed the sanitation was defective. In and around camps such a condition should not be tolerated. The men should not be allowed to look upon these insects as a necessary evil, but be made to adopt prophylactic measures. In fact, war on the insect life in the camps of this country was an ideal way of training men for similar and more arduous duties in warmer climates.
He did not think sufficient attention was paid to the fact that the larvae of mosquitoes and midges were most vulnerable in their early life. A considerable proportion of these insects passed into the early larval stage in the autumn, and hibernated in the larval stage. This gave man a chance of carrying out extensive insecticidal measures during the cooler weather when, fortunately, the insects were relatively localized.
In Malta many mosquitoes were found breeding in the salt-water pools and pans near the shore. The wrong opinion was prevalent that mosquitoes could not breed in salt water, and, to save labour, fire-buckets were filled with salt water. It was necessary for the sanitary officer to bear this in mind and to impress the fact on all ranks. Other curious breeding places of mosquitoes must be recognized ; for instance, Wing-Commander Richardson had found Anopheles mnacudipennis in sulphur wells in Egypt.
*
The reference to the anti-mosquito habits of eels recalled to mind an interesting condition of some ponds in the grounds of the R.A.F. Central Hospital at Finchley. These ponds had been moderately clean and there were few mosquitoes breeding in them. About two years ago the ponds were emptied and several eels which inhabited them were destroyed. Thereafter, these ponds gradually became filthy and bred innumerable mosquitoes. Once again they were cleaned, but only to relapse into a dirty condition. In an endeavour to keep them clean on the surface ducks were introduced with good results. It was possible that originally the eels kept down the mosquitoes and cleaned the surface water generally.
Colonel J. C. KENNEDY said that he was able to give the name of the salt-water mosquito in Malta referred to by Wing-Commander Whittingham. It was the Acartomyia-Zammitii, and it was a severe pest all round the coast of Malta, where the larve developed in the pools of salt water on the rocks. The fact that the pools consisted of concentrated brine as the result of evaporation did not affect the survival of the larvie.
